Commercial plastics synthesized from fossil oil can significantly affect the environment due to its non-biodegradable property. It is an attempt to minimize the use of the plastics substituted with biodegradable plastics such as biocomposite. Biocomposite matrix can be synthesized from cellulose. A potential cellulose source can be obtained from bacterial cellulose. The bacterial cellulose observed in this study was extracted from guava. Bamboo microfibrillated cellulose was used as reinforcement agent. The objectives of this paper is to obtain optimum condition of bacterial cellulose from guava reinforced with microfibrillated cellulose of bamboo and to identify the characteristics of the biocomposite product such as its mechanical (tensile strength), morphological (SEM), thermal (DSC and TGA) and structural properties (FTIR and TGA). The results show that optimal conditions of the modified biocomposite was achieved at 5%-w/v of bamboo microfibrillated cellulose with tensile strength of 59.81±4.81 MPa. Furthermore, the biocomposite had good thermal stability. It was confirmed by TGA analysis with glass transition temperature of 150°C higher than that of guava bacterial cellulose without the reinforcement of bamboo microfibrillated cellulose, i.e at 110°C.
INTROdUCTION
Plastic consumption is still dominated by product packaging about 65%, almost 60% of the use of plastic packaging in the food and beverage industry 1 . Plastics are made from petroleum polymers polluting the environment because they cannot be degraded 2 . Biocomposites denotes as one of the alternative solutions to overcome the plastic problem.
Cellulose-based biocomposite as both the matrix and reinforcement has also been developed 3 . However, there are constraints in term of cellulose isolation from biomass regards with impurities such as hemicellulose and lignin. Furthermore, it consequently takes more time and chemicals to prepare pure cellulose. Therefore, pure cellulose produced from bacteria called bacterial cellulose (BC) has been used to substitute pure cellulose preparation. Currently, BC is widely used as controlrelease material, wound dressings and conducting materials 4 , cellulose biocomposite with addition of glycerol, chitosan, and silver nanoparticle 5 , bacterial cellulose (BC)-based hydrogel materials with modification and crosslinked BC 6 . Thus, the opportunity for the development of biocomposite comprised of BC matrix reinforced with bamboo cellulose is substantial and potential way to cut off the complicated cellulose preparation from biomass. The production of biocomposites can be done in several different methods such as impregnation method, filament winding method and pultrusion method. The method used in this research is impregnation method due to easy and inexpensive pretreatment process 7 .
In previous studies, starch 8 , and chitosan 9 were used to strengthen BC matrixed biocomposite. . Hence the use of reinforcing agent generating higher mechanical properties is desirable. Biocomposites have been widely developed from various matrices and reinforcements, such as poly lactic acid (PLA) biocomposites reinforced by microfibrillated cellulose (MFC) from wood fibers 10 and bamboo fibers 11 . Several studies have used MFC as a composite reinforcement material of various types of matrixes such as chitosan 8 , gelatin 9 , reinforced sago starchbased biocomposite 12, 13 , reinforced cassava bagasse starch 14 . The mechanical properties of bamboo fiber produced is comparable to glass fibers. The bamboo fiber such as microfibrillated cellulose (MFC) is a form of cellulose refined from plants. MFC has a Young's modulus of about 2.0 -2.3 GPa, fracture strain of about 3.1%, and tensile strength of about 39 MPa 15 . MFC can be obtained from the extraction of various non-wood sources including banana, mulberry, wheat straw and also bamboo 16 . Since bamboo is huge available in Indonesia, then this material was selected to provide the MFC for this paper.
Guava (Psidium guajava) is a fruit grow in tropical and subtropical areas such as in Indonesia. The rate production achieves 220,202 tons per year. Overall composition of nutrient in 100 g of guava can be seen in Table 1 .
Bacterial cellulose is a cellulose with high purity produced by several types of bacteria and characteristically flexible. BC can be produced from the fermentation process on the substrate containing sugar and nitrogen at pH around 4 -4.5. Technically, BC can be made from a mixture of various media, since the growth of the Acetobacter xylinum bacteria requires sugar (glucose), organic acids and minerals. Generally, BC can be produced with several media in static and agitation cultures using several carbon sources with supplementary materials employing many kind of microorganism 18 . Guava was selected to be a raw material of bacterial cellulose due to potential purpose as edible biocomposite consisting with high vitamin C. Therefore the paper deseribes guavabased bacterial cellulose reinforced microfibrillated cellulose through impregnation method.
MATERIALS ANd METHOdS

Materials
Bamboo used in this study was obtained from a plantation in Sragen, Central Java, while the guava fruit and Acetobacter xylinum bacteria were purchased from Semarang. The chemicals used to isolate microfibrillated cellulose were n-Hexane (99.9%), alcohol (96%), NaOH (99.99%), H 2 O 2 (50%) supplied from PT. Brataco along with aquadest. The production of bacterial cellulose used vinegar (25% of glacial acetic acid content), MgSO 4 (99%) and KH 2 PO 4 (98.5%) from PT. Brataco, and urea (46%) purchased from local chemical store at Semarang.
19
METHOdS
•
Pretreatment of Bamboo
Bamboo was cut into smaller pieces with a length of 10 cm, then stripped of its skin. The slices of bamboo skin were chopped to form flakes to ease the grinding process releasing powder. C of water to remove dust and other impurities. Then, it was dewaxed using n-hexane and ethanol (2:1) in Soxhlet for 6 hour. Furthermore, the bamboo powder was mixed with 2M sodium hydroxide (NaOH) at 78 o C for 4 hour. For every 20 g of bamboo the process was repeated twice. The product of this process was then washed with aquadest to achieve pH of 7. The delignified product was then mixed with hydrogen peroxide (H 2 O 2 ) 4% at the temperature of 83 o C for 3 hour. This step was done in two times. Prior heating, the pH of the solution was set to be 11.5 by NaOH. The extracted solid was washed with aquadest until the filtrate was neutral or pH of 7. The MFC later was grounded with high energy milling (HEM) equipment into micron powder with homogeneous sized powder (100 mesh). Bamboo MFC solution was made according to predetermined variables. This solution was prepared by mixing a percentage of weight of MFC with water and introduced an ultrasonic homogenizer to obtain homogenous solution.
• Pretreatment of Guava At this stage, one and a half of guava fruit with a diameter of ± 7 cm was washed first and then cut into pieces. The fruit pieces then inserted into a blender and was mixed with 600 mL of water. The juice was later filtered using a filter cloth to separate the juice with the pulp.
• Preparation of Bacterial Cellulose (BC)
As much as 600 mL of the guava solution was added with 10 g of urea, 12 g of KH 2 PO 4 , 6 g of MgSO 4 and glucose as much as 20 %-w. The solution was then boiled to sterilize the solution. The solution was acidified using acetic acid with a pH of 4.5. Then Acetobacter xylinum as much as 20 %-v was added as a source of bacteria. The end step, the media was incubated for 6 days.
• Preparation of Biocomposite through Impregnation 19
Bacterial cellulose (BC) produced was first rinsed by water and soaked with sodium hydroxide solution for 2 hour. Then the BC was neutralized by washing. The impregnation method was carried out by immersing bacterial cellulose in MFC solution at certain concentration. The impregnation process was done for as long as 7 days. Afterwards, the impregnated BC was introduced a manual hot press at temperature of 70°C for 2 h to make dry and thickness of 0.2 mm. Impregnated BC was then called as biocomposite for this paper. Samples consisted of 5 different composition of bamboo MFC and BC weight. Detail information of the biocomposites can be seen in Table 2 .
•
Tensile Strength Analysis
The biocomposite sample tested was cut into size of 0. •
TGA Analysis
The tested samples were used to predict the thermal stability of a bioplastic using a DTG- 
dISCUSSIONS
Biocomposite Mechanical Properties
Bacterial cellulose significantly affects tensile strength of biocomposite. The results of the samples tensile strength test can be seen in Fig. 1 . The tensile strength of pure BC biocomposite (G0) was found to have an average of 33.54 ± 3.50 MPa. This value was smaller than the BC biocomposite reinforced with MFC. The highest measurement of tensile of biocomposite was achieved in sample of G3 reinforced MFC of 5 %-w/v at 59.81 ± 4.81 MPa. Meanwhile, the lowest tensile strength was found in sample of G5 (MFC of 10 %-w/v), i.e 39.76 ± 5.24 MPa. The dispersed nanocellulose in another cellulose matrix will form a fiber network in the cellulose and can form bonds between the nanocellulose and the cellulose matrix through hydrogen bonds 3 . In the case of this research, the MFC was denoted as dispersed phase, while bacterial cellulose acted as the matrix phase. The cellulose molecules have the ability to form hydrogen bonds in one polymer chain as well as across the polymer chain. The hydrogen bond between the molecules causes the adjacent cellulose chains to be clumped and intertwined to form larger fibers 20 .
In the G4 reinforced MFC of 8 %-w/v the tensile strength of the biocomposite decreased to 36.36 ± 13.14 MPa and in the G5 sample the tensile strength of biocomposite was 39.76 ± 5.24 MPa resulted from the addition of MFC exceeded the optimum limit. The more MFCs are added, the MFC will become more susceptible to aggregation 21 .
dSC Analysis
In this measurement the sample was heated to 300°C with a temperature rate of 10°C/ minute. The DSC measurement results can be seen in Fig. 2 . It can be seen that BC biocomposite reinforced MFC can change a significantly in Tg point. Tg is the temperature at which the sample may change texture from elastic to rigid or glass-like. Biocomposites without the reinforcement of MFC attained Tg of 110°C while Tg of bioplastic reinforced MFC increased to 150°C. The change was possible due to the fact that the reinforcement of MFC changes cellulose biocomposite structure resulting in the change of resistance to heat 22 . High Tg is highly advantageous for biocomposites because at storage temperatures melting or decomposition .
High Tg values also indicate the thermal stability of biocomposites. Fig. 4 shows the degradation temperature of the G0 and G3 biocomposites. Biocomposite G0 achieved a degradation temperature at 206°C while the degradation temperature of the G3 sample was too high to be determined. This shows that the G3 degradation temperature was higher than the sample G0.
FTIR Analysis
Structural analysis was performed on the same biocomposites as in the morphological analysis. The results of functional group analysis using FTIR was obtained by interpreting transmittance peaks from the infrared spectrum. Fig. 3 displays results of FTIR analysis of G0 and G3 samples. The graph shows transmittance peaks in certain wavenumbers. It is observed that transmittance peaks of the G0 (bacterial cellulose) sample is the same as the transmittance peaks of the G3 sample (reinforced MFC of 5 %-w/v). The results show that the addition of MFC can alter not only the chemical bonding between bacterial cellulose as matrix and MFC as disperse phase but also can increase the intensity of each bond.
A strong transmittance peak lies in wavenumber range of about 3050 cm -1 -3700 cm -1 indicating the presence of a stretching-OH bond 24 . In that range the intensity of transmittance peak of G3 was higher than G0 sample resulted by the addition of MFC. This result indicated that the addition of MFC can increase the amount of hydrogen bond in the biocomposite 3 . In addition, measurements with FTIR also show a peak in an area of approximately 890 cm -1 . This region indicates the presence of a stretching C-O-C bond 25 . The C-O-C groups presented in the biocomposites are derived from the glycosidic bonds of the pyranose ring belonging to the saccharide type including cellulose 25 . Furthermore, peak also appears in the 1800 cm -1 range showing C=O bond 8 . In Fig. 3 the intensity of the C=O and C-O-C groups increase with the presence of an MFC in bacterial cellulose. In general, the both the C=O and C-O-C groups make up the cellulose structure.
Based on FTIR results, the value of Lateral Order Index (LOI) and Hydrogen Bond Intensity (HBI) can also be obtained. LOI is determined by the absorbance ratio at peak between 1430 cm -1 (A1430) or 1420 cm -1 (A1420) and 896 cm -1 (A896), calculated based on the Eq. 1. While HBI is determined by absorbance ratio at peak 3350 cm -1 and 1318 cm -1 , calculated according to the Eq. 2 26 .
The calculation of LOI of G0 and G3 samples achieved different results. LOI for sample G0 is 1.46% while G3 has LOI value of 1.66%. LOI increased due to the addition of MFC to the G3 sample. The results are in accordance with previous research conducted that the addition of MFC will increase the LOI value of cellulose 3 . Meanwhile, the calculation of HBI gave G0 sample a value of 1.05% that decreased with the addition of MFC to 0.98% in G0 sample. The decrease of HBI value is because the addition of MFC will increase the concentration OH bond as described previously. HBI from biocomposites is also influenced by the water contained. The larger the HBI value the smaller the water content in the biocomposite. HBI calculations show that the water content in the G3 sample is larger than the G0 sample. This correlates with the results of TGA analysis where in the G3 sample there was a large water evaporation compared to water evaporation that occurred in G0 sample.
TGA Analysis
In this analysis, the sample tested were samples of G0 and G3. The sample weights analyzed was 10 mg for sample G0 and 2 mg for sample that were heated to 300°C. The TGA analysis results are shown in Figure 4 . Figure 4 (a) shows the decomposition of G0 sample. Throughout the heating process from room temperature to 135°C reduction of mass did not occur in the biofilm. The decrease in mass occurred when the heating temperature reached 135°C. When the temperature reached 180°C, the mass of the sample decreased by 87%. The drastic decrease in mass occurred because at the temperature of 135°C -180°C there had been depolymerization of the bacterial cellulose of the guava juice 27 . Figure 4(b) shows that the G3 sample till the temperature of 300°C experienced two stages of mass reduction. The first stage occurred at temperature range of 65°C -140°C due to evaporation of water in the biocomposite, perpetrated by the hydrophilic characteristic of the fibers 28 . Up until this stage there was a mass decrease of 5%. The second stage occurred from the temperature of 250°C until the final temperature of heating. This is the degradation stage caused by the breakdown of the glycosidic bond, which leads to the formation of CO 2 and H 2 O 29 . At a temperature of 300°C, the G3 sample had not been fully decomposed thus its mass reduction was not optimum. This transpired because the decomposition temperature of sample G3 was at temperatures above 300°C.
The decrease in mass due to the evaporation of water content in biocomposites was more evident in G3 sample than G0 sample. This is because the G3 sample has been added with MFC. MFC has the tendency to absorb water 22 . Since MFC was dispersed in water and experienced water evaporation, it can be said that when the added MFC underwent the impregnation process it absorbed water from the outside. The cellulose decomposition of G0 sample occurred at 135°C -180°C. Where as in G3 sample, the decomposition occurred at a temperature range of 250°C-300°C. This evidence indicates that the addition of MFC as a reinforcing agent to the biocomposite can also increase the decomposition temperature of the biocomposite. This evidence indicates with previous study that with the addition of cellulose powder such as MFC as reinforcement will increase the thermal stability of the biocomposite 21 .
XRd Analysis
The sample measurements were performed at room temperature with CuKα radiation (λ = 1.54 Å) recorded at an angle of 2θ in the 10 o to 70 o range with an increase of 0.02, a voltage of 40 kV and a current of 30 mA.
In Fig. 5(a) , it can be seen that the MFC powder at an angle of 2θ = 22.5 o has a peak that is not sharp and widened. This indicates that the MFC used in the study is amorphous. The presence of the peak signifies the presence of cellulose type I in the biocomposite 22 . In addition, there is also a peak with a weak intensity at an angle of 15.5 o . This weak peak indicates that there is cellulose type II in G0 sample 30 . Figure 5 (c) shows the result of XRD analysis of the G3 biocomposite. The XRD analysis result demonstrates that there is a peak with a fairly sharp intensity at an angle of 22.17 o indicating the presence of cellulose type I in the biocomposite. From the results of the XRD analysis conducted, it can be said that the G3 sample contents cellulose type I same as MFC and G0 sample. This indicates that there is a match between the bacterial cellulose as the matrix and the MFC as reinforcing agent, resulting in a good interaction between the two 3 . Based on the comparison of Fig. 5(b) and 5(c) it can be seen that there is a difference of intensity at the angle of 20 o -22 o between the pure BC biocomposite (G0) and the BC MFC-reinforced biocomposite. The difference in intensity indicates that G0 is more crystalline than G3. This happens because in G3 sample, the crystalline bacterial cellulose reacted with amorphous MFC. The addition of amorphous MFC can disrupt natural bindings of BC fibers and affect the crystalline structure of bacterial cellulose 31 as proven by the FTIR analysis of both samples. This caused the crystalline intensity of bacterial cellulose to decrease after MFC was added.
CONCLUSION
Bacterial cellulose-based biocomposite derived from guava fruit has a tensile strength of 33.54 ± 3.50 MPa and impregnated by of bamboo microfibrillated cellulose of 5%-w/v. It was obtained a tensile strength of 59.81 ± 4.81 MPa. Microfibrillated cellulose can improve the thermal stability of the biocomposite by increasing the point of glass transition and decomposition temperature of the biocomposite, increasing the concentration of cellulose constituents. It can also affect the morphology and crystal structure of the bacterial cellulose.
ACKNOWLEdGMENT
Acknowledgment and gratitude are addressed to the Advanced Materials Laboratory (AMaL) and coworkers at Department of Chemical Engineering, Diponegoro University for support to accomplish this research.
Conflicts of Interest
The authors declare no confilict of interest.
